
the t i t l e  impl ies  but  does not  make c lear ,  the 
sect o f  t h i s  paper i s  the mathematical modeling :ibihe USDA, ARS, Wind Erosion Research Uni t ,  Man- 

N(tan, Ks. The modeling i s  concerned p r i m a r i l y  
Hirh the p red ic t i on  of s o i l  l oss  from a g r i c u l t u r a l  
f i e lds -  

review b r i e f l y  the wind eros ion equat ion 
(codel) and i t s  modi f ica t ions and from t h i s  show 

our present philosophy o f  model i ng evolved and 
we expect the modeling t o  develop i n  the  future. 

f o r  completeness we s h a l l  a l so  mention two o ther  
G3dels, one t h a t  simulates the a ' i r f low around porous 
,indbreaks, and the other,  surface s o i l  moisture. 

THE WIND EROSION EQUATION AND IT!; MOD1 F I  CATIONS 

~1 though e a r l  i e r  versions o f  the wind eros ion equa- 
t i on  were pub1 ished '(Chepil and IJoodruff 1954, 
1959; Chepil 1959, 1960; Chepil c!t a l .  1962; Chepil 
1962). the base l i n e  equation, which we r e f e r  t o  as 
the wind erosion equation, i s  documented i n  Wood- 
ru f f  and Siddoway (1965). Some ' insights i n t o  the 
development o f  the equat ion are  presented by Cole 
e t  a1 . (1 982). 

The funct iona l  form, as given by Woodruff and Siddo- 
6ay (19651, i s  

where the fac tors  are as fol lows:: E, the  p o t e n t i a l  
average annual s o i l  loss;  I, e r o c l i b i l i t y ;  K, surface 
roughness; C, c l i m a t i c  fac tor ;  I., equivalent f i e l d  
length; and V, the vegeta t ive  fac:tor. (See Woodruff 
and Siddoway (1965) f o r  a d e t a i l e d  desc r ip t i on  o f  
the fac tors .  ) 

A more mathematically r igorous f c m ,  as g iven by 
Cole (1982). i s  

This form can be e a s i l y  v e r i f i e d  by observin how 
E i s  computed i n  Woodruff and Siddoway (1 965y. 

Equation 2 represents the  base l i n e  equat ion f o r  
the models t o  be discussed since they a re  r e a l l y  
minor va r ia t i ons  on how t o  compute e i t h e r  the  C o r  
L fac tors  o r  how t o  subdiv ide E. I n  fac t ,  t he  
underlying theme for these changes i s  r e l a t e d  t o  
the unconscious feeli 'ng t h a t  E should be a f l u x  
and t h a t  the factors such as I, K., C, and L should 
vary w i t h  time. We s h a l l  r e t u r n  t o  t h i s  l a t e r  when 
we discuss the d i r e c t i o n  o f  the present modeling 
e f fo r t ;  but  f i r s t ,  l e t  us summarize q u i c k l y  the 
c ~ d i f i c a t i o n s  made on equation 2. 

' USDA, ARS, A g r i c u l t u r a l  Engineer, Manhattan, Ks. 

Chepil recognized the f a c t  t h a t  a l l  o f  t he  factors 
he def ined could be considered t o  change w i t h  t ime 
and, indeed, he coped w i t h  the  wind angle f luctua- 
t i ons  (Chepil e t  11. 1964) by def in ing a p r e v a i l i n g  
wind d i r e c t i o n  angle. This angle i s  determined by 
const ruc t ing a wind eros ion rose, which i s  a set  of  
16 normal i zed vectors whose m g n i  tudes a re  propor- 
t i o n a l  t o  the  time-weighted sum o f  the average 
v e l o c i t y  cubed. By se lec t i ng  the maximum vector - 

t h a t  would f it w i t h i n  the rose, Chepil assigned the 
angle of t h i s  maximum vec to r  as the angle A. He 
u t i l i z e d  t h i s  angle t o  compute a s ing le  value: 

L = w sec A 0' < A < 85O (3)  

where w i s  the  shor t  s ide  o f  the rectangular f i e ld .  

Skidmore (1965) and Skidmore and Woodruff (1968) 
made two mod i f i ca t i ons  t o  Chepi 1 's method of deter-  
mining L. F i r s t ,  they determined the p r e v a i l i n g  
wind d i r e c t i o n  by decomposing the 16 normalized 
vectors i n t o  tangen t ia l  and normal components about 
an a r b i t r a r y  coordinate system. The sum o f  the 
magnitudes o f  the normal components d iv ided by the 
sum of the magnitudes o f  the tangent ia l  components 
i s  c a l l e d  the preponderance func t ion  and i t  was 
maximized by r o t a t i n g  t h i s  new coordinate system. 
The r e s u l t a n t  angle between the x a x i s  and east was 
considered the p r e v a i l i n g  wind d i rec t i on .  

Skidmore (1965) d i d  n o t  use t h i s  angle t o  s u b s t i t u t e  
i n t o  equation 3 t o  determine a s ing le  L, bu t  ins tead 
bsed . h i s  prevai  1 i n g  wind d i r e c t i o n  angle i n  conjunc-. 
t i o n  w i t h  h i s  f i e l d  angle and 16 vector  angles t o  
determine 16 f i e l d  lengths by a p p l i c a t i o n  o f  equa- 
t i o n  3. To each l e n g t h  he assigned a p robab i l i t y ,  
based on the  r e l a t i v e  energy computed f o r  each L 
and, consequently, developed a cumulative probabi l -  
i t y  dens i ty  funct ion.  From t h i s  he selected a 
median value o f  L, which was designated as " the 
equivalent f i e l d  width." This l a t t e r  w id th  was 
used as the L i n  equat ion 2. 

A proposal t o  modify C t o  a monthly f a c t o r  was put  
f o r t h  i n  Woodruff and Armbrust (1968) and Skidmore 
and Woodruff (1968). b u t  i t  does no t  appear t o  have 
been used extensively.  

Perhaps the  most s i g n i f i c a n t  m o d i f i c a t i o n  i n  the use 
o f  equation 2 i s  the  p a r t i t i o n i n g  o f  E w i t h  time, as 
proposed by Bondy e t  a l .  (1 980). They used an ero- 
s i v e  wind energy fac to r  t o  subdiv ide E i n t o  periods 
o f  a f r a c t i o n  o f  a crop r o t a t i o n  c y c l e  wh i le  u t i l i t -  
i n g  the per iod values f o r  K, L, and V .  Here we note 
the f i r s t  attempt a t  v iewing E as a p o i n t  f l u x  ra th-  
e r  than as an average f l u x  and hence t r e a t i n g  the 
independent var iab les  as funct ions of time. It i s  
i n t e r e s t i n g  t o  note t h a t  Chepil e t  a l .  (1964) and 
Bondy e t  a1 . (1980) both used a form o f  an energy 
fac to r  t o  appor t ion y e a r l y  s o i l  loss .  Chepil e t  a l .  
(1 964) apportioned w i t h i n  an arc  and Bondy e t  a1 . 
(1 980) w i t h i n  a t ime i n t e r v a l .  

A computer program f o r  the  s o l u t i o n  o f  the wind ero- 
s ion  equation (WEROS) , which incorporates the pre- 
ponderance concept, has been programmed I n  For t ran 
(Skidmore e t  a l .  1970). It al lows f o r  the s o l u t i o n  
o f  any s i n g l e  va r iab le  given a l l  o f  the others. 
With t h i s  feature, one can conceivably determine 
an optimum con t ro l  strategy. 



Another mod i f i ca t i on  t o  the wind erosion equat ion 
ws mnde t o  a l l ow  i t s  incorpora t ion  i n t o  the EPIC 
(Erosion P roduc t i v i t y  Impdct Ca lcu la tor )  model. 
t h i s  consisted p r i m a r i l y  o f  incorpora t ing  the ero- 
s fve  wind energy concept (Bondy e t  a l .  1980) w i t h  
the subroutines o f  WEROS (Skidmore e t  a1. 1970), 
which were concerned w i t h  the s o l u t i o n  o f  equat ion 
2. The time step o f  1 day required the computation 
o f  the erosive wind energy fac to r  f o r  1 day. I n  
add i t ion ,  a method of handl ing m u l t i p l e  simultaneous 
crops was developed. For the d e t a i l s ,  see Cole e t  
a l .  (1982). 

OTHER WINO EROSION MODELS 

Two other  models have been developed. The f i r s t  
(Hagen e t  a l .  1981) s imulates the a i r f l o w  near a 
porous wind b a r r i e r .  This model s o l v s s . f i v e  p a r t i a l  
d i f f e r e n t i a l  equations i n  order  t o  siinula t e  two- 
dimensional f l ow  normal t o  a narrow windbreak. The 
equations are those o f  conservat ion o f  ho r i zon ta l  
and ver t i -ca l  momentums, mass, turbulence energy, 
and the d i s s i p a t i o n  r a t e  o f  turbulence energy. The 
method o f  s o l u t i o n  u t i  1 i zes  f i n i  t e -d i  f ference tech- 
n i  ques . 
The second model (Skidmore 1983, personal communi - 
ca t j on ) ,  which i s  s t i l l  i n  the development stage, 
simulates the e f f e c t  o f  s o i l  moisture on the s o i l  
f low r a t e  per u n i t  width. This e f f e c t  i s  repre- 
sented as a cohesive s t ress  due t o  moisture, which 
reduces the wind shear s t ress .  The cohesive s t ress  
i s  determined from c l i m a t i c  va r iab les - - fo r  example, 
a i r  ve loc i t y ,  humidity, temperature, and ne t  so la r  
r a d i a  t ion--and the hydraul i c  p rope r t i es  o f  the  s o i l .  
Pre l iminary  v a l i d a t i o n  r e s u l t s  suggest t h a t  t he  
model output, t h a t  i s ,  the c l i m a t i c  e r o s i v i t y  fac- 
t o r ,  i s  r e l a t e d  l i n e a r l y  t o  a ca lcu la ted suspension 
f l u x .  

AN ANALYSI S OF WIND EROSION EQUATION LIMITATIONS 

From the  previous h i s t o r i c a l  review o f  the wind 
e ros ion  equation, i t  should be apparent t h a t  any 
changes made t o  the base l i n e  equation, t h a t  i s ,  
equat ion 2, were due t o  the d i f f i c u l t y  o f  deter -  
min ing s i n g l e  values f o r  f ac to rs  such as I, L, V, 
and K. This d i f f i c u l t y  appears t o  have a r i s e n  
because of  the ambiguous methods suggested f o r  
t h e i r  determination; e.g., Woodruff and Siddoway 
(1 965) sta ted t h a t  "The equation ac tud l  l y  evaluates 
the e r o d i b i l i t y  of a f i e l d  having c e r t a i n  L, K, and 
V values i n  terms of  what i t . w o u l d  have been du r ing  
the severe s o i l  b lowing time." I n  Chepil e t  a l .  
(1964) we note t h a t  the p r e v a i l i n g  wind d i r e c t i o n  
used t o  compute L (equation 3)  i s  based upon long- 
term wind d i s t r i b u t i o n  data, which imp l i es  more 
than the severe blowing season. Obviuusly, we have 
a con t rad i c t i on .  

Reviewing these changes i nd i ca tes  t h a t  there was a 
preva lent  f e e l i n g  that ,  i f  the fac to rs  which a f fec t  
E cou ld  be described as funct ions o f  time ra the r  
than as a s ing le  value, then the computed value of 
E would be more accurate. Furthermore, s ince the 
l o s s  o f  s o i l  tends t o  be h igher  du r ing  c e r t a i n  
months o f  the year, a knowledge o f  the magnitude 
o f  the  erosion process du r ing  t h i s  shor ter  time 
i n t e r v a l  would be more use fu l  f o r  c o n t r o l  p rac t ices .  

This reasoning then leads t o  the  fo1 lowing ques- 
t i ons :  What i s  E fo r  a per iod sho r te r  than a year? 
I s  E a good measure for  sho r t  per iods? What i s  E? 
What i s  the measure o f  s o i l  e ros ion? 

To answer these questions, and many more t h a t  they 
engender, an analyses o f  the  s ign i f i cance  o f  E as 
a measure of the s o i l  e ros ion process was performed. 
The r e s u l t s  o f  t h i s  as y e t  unpublished study can be 
summarized by the fo1 lowing two equations: 

where 

Equation 4 ind ica tes  t h a t  E i s  the  s t a t i s t i c a l  
average (o r  mean) o f  the  a r i t h m e t i c  average o f  t he  
normal component o f  the  s o i l  l oss  f l u x  vector,  f 
(a func t i on  o f  time and space), where the a r i t h -  
met ic  average i s  over the area A and t ime i n t e r v a l  
T o f  1 year. It i s  important  t o  d i s t i n g u i s h  between 
the two, types o f  averages so t h a t  i t  can be made 
c l e a r  what i s  impl ied by the genera l l y  accepted def- 
i n i t i o n  f o r  E; t h a t  i s ,  Woodruff and Siddoway (1965) 
def ined E as " the po ten t i a l  average annual s o i l  loss 
i n  tons per acre per annum." 

From equat ion 5 we see t h a t  t he  a r i t hmet i c  average 
of  f i s  a l s o  equal t o  the normal iza t ion  o f  the  mass 
loss ,  m, by the area and t ime i n t e r v a l .  This aver- 
age i s  the annual s o i l  l o s s  o f  t he  above E d e f i n i -  
t i o n ;  t h a t  i s ,  

annual s o i l  l oss  = m/(A*T); T = 1 y r .  (6) 

The p o t e n t i a l  average represents the s t a t i s t i c a l  
average, shown i n  equation 4. 

Equation 5 emphasizes three important  po in ts .  
F i r s t ,  t h a t  the average f l u x  i s  dependent on t ime 
and space i n t e r v a l s  and no t  on po in ts  w i t h i n  the 
i n t e r v a l ,  whereas f i s  a func t i on  o f  po in t s  of 
t ime and space w i t h i n  the  i n t e r v a l s .  This leads 
immediately t o  the observat ion t h a t  t o  develop an 
E equat ion f o r  any t ime i n t e r v a l ,  the  f l u x  funct ion  
i s  genera l l y  required.  Furthermore, s ince 

(where U i s  the windspeed, K some func t i on  of 
' 

I f  one has d i f f i c u l t y  i n  se lec t i ng  the fac tors  fo r  roughness, H a funct ion of  s o i l  moisture, and * * -  
equat ion 2, then h i s  confidence i n  the p r e d i c t i o n  imp l i es  o the r  unspeci f ied va r iab les ) ,  i t  i s  a t  
of  values o f  E may be q u i t e  low, espec ia l l y  when t h i s  l e v e l  o f  d e f i n i t i o n  and no t  a t  the E l e v e l  
he v i s u a l i z e s  t h a t  these fac tors  would change dur-  t h a t  i t  i s  l e g i t i m a t e  t o  apply t ime-varying func- 
i n g  the  y e a r l y  cyc le .  This fee l i ng  apparent ly lead t i o n s  t o  improve the accuracy o f  p red i c t i ng  E- 
t o  the  m o d i f i c a t i o n  p rev ious l y  discussed. 
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third observat ion t o  be made from equat ion 5 
latMt the area and t ime i n t e r v a l s  o n l y  enter  i n t o  
1s o f  <<f>> as l i m i t s  o f  i n t e g r a t i o n  
t M  , a denominator. They a re  no t  computed. They 
4 4  spec i f ied .  I t i s  the s o i l  f l u x  and hence ~'t,oil l o s t  (m) du r ing  the per iod T t h a t  i s  com- 

+ed- 

IM 
importance of t h i s  i s  t h a t  any measure of t he  
l oss  process depends on the s o i l  l o s s  mass. ;:is f u r the r  suggests t h a t  the  phrase ' s o i l   loss^^ 

as a noun be reserved f o r  m and when used 

4 5 
, process, wh i le  always s u f f i c i e n t l y  quan t i f i ed  

p, ,&>, may be measured f o r  spec ia l  cases i n  
clher ways. For example, i f  one were comparing 

l oss  processes for  the  same f i e l d  and the  

s J 
me i n t e r v a l  of t ime fo r  two d i f f e r e n t  s o i l  con- 

,,,,,tion s t ra teg ies ,  then a pred ic ted m would be , and s u f f i c i e n t  measure. 

T ~ K  DEFINITION 

the above, we now see t h a t  improvement of 
p r fd ic t ion  of any measure of t he  s o i l  l o s s  process 
is predicted upon three major tasks which a r e  
i rp l i ed  by equations 4 and 5: (1) t he  func t i ona l  
farm of f, (2)  descW p t i o n  o f  the  f a c t o r s  upon 
"hich f depends, both i n  t ime and space, and (3) 
othods f o r  i n t e g r a t i o n  o f  f i n  t ime and space. 

The f i r s t  two are  necessary for  any measure of t he  
process and a l l  th ree f o r  t he  development 

of an improved wind eros ion equation. 

Another way t o  subdiv ide the model i n g  tasks i s  by 
re la t ing  the  three major tasks t o  the concept of 
so i l  l oss  to lerance (T) and a crop p r o d u c t i v i t y  
tolerance (n). I n  a sense, the  s o i l  l o s s  to lerance 
i s  a l i m i t  placed on one p a r t  o f  the p l a n t - s o i l  
system whereas a p r o d u c t i v i t y  to lerance i s  a re -  
s t r i c t i o n  on the crop, t he  most s i g n i f i c a n t  output  
of the system. 

If one u t i l i z e s  T as a l i m i t ,  then 

E j r  

and a11 three o f  t he  tasks a re  necessary. However, 
i f  one adopts c rop p r o d u c t i v i t y  (P) as a c r i t e r i o n ,  
then 

where P i s  analogous t o  E i n  t h a t  i t  i s  an expected 
value o f  an average crop f l ux  (kgl(ha.yr)) ,  then 
only the f i r s t  two tasks are  required.  I t  i s  worth 
noting t h a t  the  disappearance o f  t he  t h i r d  task i s  

-only apparent, s ince f o r  a s o i l  f l u x  f u n c t i o n  t o  be 
of any use, i t  must t i e  i n t o  a comprehensive model, 
that  i s ,  EPIC, where the i n t e g r a t i o n  must be per- 
formed. The bene f i t  of the p r o d u c t i v i t y  c r i t e r i o n  
i s  the l ack  of a need fo r  a c o n s t r a i n t  on f s ince 
the cons t ra in t  has been moved t o  a higher l e v e l ,  
such as, c rop p roduc t i v i t y .  

PKf SENT MODEL I NG EFFORTS 

Ue have embarked on a modeling program t o  meet the 

r c r i t e r i o n .  t h a t  i s ,  we consider t h i s  t he  i m e d l -  
a t e  goal i n  t h a t  ' i t i s  1 im i  ted t o  the process o f  
s o i l  e ros ion and, w i t h  the exception of the i n t e -  
g r a t i o n  task, a l l  tasks a l s o  b e n e f i t  t he  n approach. 

The development o f  t he  f l u x  equat ion i s  envisioned 
a t  present as being q u i t e  exper imental ly  or iented.  . 
Much of the  e a r l y  wind eros ion research was d e v o k d  
t o  f i nd ing  q, t he  f i r s t  i n t e g r a l  o f  f w i t h  d is tance 
downwind, f o r  var ious values o f  the surface condf- 
t i ons :  

The problem o f  t ime and space i n t e g r a t i o n  had n o t  
been s a t i s f a c t o r i l y  accompl ished and does not, a t  
l e a s t  conceptua l ly ,  depend on exper imentat ion 
except f o r  v a l i d a t i o n .  I t depends more on estab- 
l i s h i n g  the  model of a f i e l d  i n  terms of f o r  q, 
es tab1 i s h i  ng a re ference coordinate system, and 
then determining how t o  perform the i n teg ra t i on .  

Spa t ia l  I n t e g r a t i o n  

The task o f  i n t e g r a t i o n  has been selected as the 
i n i t i a l  research e f f o r t ,  and the  r e s u l t s  of t he  
s p a t i a l  i n t e g r a t i o n  was repor ted   ole 1984). 

The r e s u l t i n g  equation, which a l lows c a l c u l a t i o n  
of the  mass f l o w  r a t e  o f  s o i l  l o s s  (I), given the  
appropr ia te  q funct ion ,  f o r  any convex f i e l d  i s  . 

h = f q(r(R(u),u),h,J) du. (11) 
b 

C i s  the  path  denoted by the per imeter o f  t he  f ie ld ,  
u i s  t he  crosswind coordinate, h i s  the  he ight  of 
the  s a l t a t i o n  layer ,  r and R are  downwind coord i -  
nates, and 3 i s  t he  s e t  o f  surface p roper t i es  o f  
the  f i e l d  which may change w i t h  time, f o r  example, 
the  windspeed. Now the R,u coordinate system i s  
r e l a t i v e  t o  the  wind vector, and when lir i s  expressed 
i n  terms o f  a l i n e  i n t e g r a l  around the  path  C 
(which i s  more amenable t o  machine. i n t e g r a t i o n ) ,  
equat ion 11, due t o  a coordinate t ransformat ion,  
becomes 

ig cos B - $ s i n  BI ds 

The new va r iab les  are  s, t he  d is tance along C; 
~ ( t ) ,  a wind angle funct jon;  and x(s),y(s), t he  
p o s i t i o n  coordinates o f  s r e l a t i v e  t o  the  x,y re f -  
erence frame which i s  f i x e d  t o  the earth.  Via 
equat ion 12, one can ca l cu la te  6 f o r  any convex 
f i e l d .  Cole (1984) has developed from equat ion 12 
the  model f o r  a homogeneous rec tangu lar  f i e l d  w i t h  
a nonerodible boundary. The equat ion f o r  a c i r c u l a r  
f i e l d  a1 so has been developed. 

As an outgrowth o f  t h i s  work, we are t r y i n g  pres- 
e n t l y  t o  app ly  a s i m i l a r  concept t o  equatlon 2, t he  
wind eros ion equation, t o  reduce the number o f  f r c -  
t o r s  requ i red t o  compute E. As p a r t  of t he  EPIC 
subrnodel va l i da t i on ,  a mod i f i ca t i on  o f  WEROS (Skld- 
more e t  a l .  1976) was used t o  compute s o i l  l o s s  by 
per iods (Bondy e t  a l .  1980). By u t i l i z i n g  this 
mod i f i ca t i on  and consider ing a l a r g e  f t e l d  t o  be 



rubdtvtdable i n t o  narrow subf ie lds  ( t rdperofds and 
t r iang les ,  o r  rectangles) f o r  any wind angle, 6, 
then the E f o r  the f i e l d  i s  computed as the weighted 
sum o f  the ind iv idua l  E's, where the weight fac to r  
I s  the percentage o f  the t o t a l  area. 

The advantage o f  t h l s  scheme i s  t h a t  L f o r  the f i e l d  
I s  no longer required. Furthermore, stnce we now 
cmpute  an E f o r  the f i e l d  f o r  each o f  16 $'s, we 
a l so  now compute erosive wind energy factors d i r e c t -  
l y  from wind d i s t r i b u t i o n  data, as a  funct ion o f  
c rop stage per iod and wind angle, ra the r  than pre- 
computing and enter ing as was done prev ious ly  (Bondy 
e t  a l .  1980). 

For those f a m i l i a r  w i t h  the concept o f  preponderance 
(Skidmore and Woodruff .l968), we have e l  iminated the 
need f o r  i t  by t r a n s f e r r i n g  the energy weighting 
scheme associated w i t h  preponderance i n t o  the com- 
puted eros ive wind energy factors.  This o b v i o u ~ l y  
increases the number o f  ca lcu la t ions t o  the po in t  
where they must be done on a  computer. This model 
i s  s t i l l  i n  the development stage. 

Time I n t e g r a t i o n  

I n  order t o  evaluate equations 4 and/or 5, we must 
make f u r t h e r  assumptions about the f l u x  funct ion,  
t h a t  i s ,  whether o r  not we consider i t  t o  be deter-  
m i n i s t i c  i n  t ime i n  the s t a t i s t i c a l  sense. I f  con- 
s idered de te rm in i s t i c ,  then we can pass on and con- 
s ide r  i t s  independent var iables (equation 7 )  and 
pose the same questions. A t  present, since the 
func t iona l  form o f  f o r  q i s  i n  the future,  we sha l l  
assume the  f u n c t i o n  t o  be determin is t ic .  

The quest ion for  the  independent var iab les  i s  not  
answered so c l e a r l y  s ince some o f  the  var iab les  
can be considered stochast ic,  such as the wind, and 
others de te rm in i s t i c .  However, i f  one i s  dea l ing 
w i t h  a  p o s t d i c t i o n  s i tua t ion ,  even the wind can be 
considered determined. Consequently, when a1 1  v a r i -  
ables a re  determin is t ic ,  the t ime i n t e g r a t i o n  prob- 
lem i s  conceptual ly t r i v i a l  and depends s t r i c t l y  
upon an adequately sampled se t  o f  funct ions and 
s u f f i c i e n t  storage space i n  computer memory. The 
~ o l u t f o n  t o  equation 4 i s  then equation 5 since the 
a r i t hmet i c  average i s  no t  a  random fur ic t ion o f  time. 

For the p r e d i c t i o n  problem, which i s  what i s  impl ied 
when one 1s tn terested i n  using the wind erosion 
equation, i t  appears t h a t  unless one knows what the 
f u t u r e  functional form of a l l  the var iab les  w i l l  be, 
he w i l l  have t o  be sa t i s f i ed  w i t h  a  s t a t i s t i c a l  
approach which t r e a t s  some of the var iab les  as ran- 
dom and p red ic t s  o n l y  a mean value. 

The advantage o f  t h i s  approach i s  t h a t  we do no t  
need long  s t r i n g s  o f  data represent ing such func- 
t i o n s  as the fu tu re  wind. It al lows US t o  replace 
the t ime i n t e g r a t i o n  of  f w i t h  the in teg ra t ion  
impl ied i n  the  d e f i n i t i o n  o f  the  s t a t i s t i c 4 1  mean 
for the random var iab les  and a  f i n i t e  t ime jn te-  
g r a t i o n  f o r  the de te rm in i s t i c  var iables;  t h a t  i s ,  
from equat ion 4 we have 

where 

and D( t )  represents the se t  of  a l l  de te rm in i s t i c  
var iables.  A p(U,$) i s  the j o i n t  p r o b a b i l i t y  den- 
s i t y  func t ion  f o r  the random funct ions o f  the wind 
vector, here assumed as the on ly  random funct ion.  
Other random funct ions a l so  could be included as 
needed. 

Now the t ime i n t e r v a l  impl ied by T i n  equat ion 13 
would be the per iod f o r  which D( t )  would repeat 
i t s e l f .  The se lec t i on  o f  T  as t h i s  pe r iod  i s  
j u s t i f i e d ,  s ince the t ime average imp l ied  by equa- 
t i o n  13 would repeat i t s e l f  w i t h  per iod T and w i t h  
s u f f i c i e n t  t ime would approach a  constant  value, 
so any f u r t h e r  i n t e g r a t i o n  would be useless. The 
per iod o f  T  i n  equations 4 and 5 was assumed t o  be 
1  year; however, here i t s  more general meaning i s  
apparent. A t y p i c a l  p red ic t i on  might have a  T 
equal t o  the crop r o t a t i o n  per iod.  

From t h i s  reasoning we see t h a t  t o  so lve equat ion 
13, we must replace the long-term t ime i n t e g r a t i o n  
impl ied i n  equat ion 4 wi th,  say, a 3- o r  4-year 
per iod p lus  the  i n t e g r a t i o n  o f  equat ion 14 f o r  each 
t ime step o f  the i n t e r v a l  T. 

Further work i s  needed t o  determine how t o  handle 
other s tochast ic  var iab les  o f  f, such as s o i l  
moisture and i t s  r e l a t i o n s h i p  t o  p r e c i p i t a t i o n  and 
the avai  l a b i  1 i t y  o f  p r e c i p i t a t i o n  probabi 1  i t y  den- 
s i  t y  funct ions.  

FUTURE MODELING EFFORTS 

This e f f o r t  can be subdivided i n t o  two parts,  both 
of which a re  cont inuat ions o f  the tasks o u t l i n e d  
prev ious ly .  

The f i r s t  i s  the  development o f  t he  sof tware and 
se lec t i on  of appropr iate hardware for the s o l u t i o n  
of equations 5  and/or 13. The pr imary tasks would 
be t ime and s p a t i a l  i n t e g r a t i o n  and graph ica l  input- 
output  c a p a b i l i t y .  The l a t t e r  c a p a b i l i t y  would 
a1 low f o r  i n p u t i n g  f i e l d  boundaries, nonerodi b l e  
boundaries, vegeta t ive  pat terns , and so f o r t h ,  as 
we11 as t ime funct ions from a d i g i t a l  t a b l e t .  This 
c a p a b i l i t y  would thus avoid tedious keyboard en t ry  
o f  c e r t a i n  data sets. Also, a graph ica l  d i sp lay  o f  
these t ime and s p a t i a l  funct ions w i l l  be requ i red 
f o r  v e r i f i c a t i o n  o f  the  data entered.. 

Further Improvements might inc lude simp1 i f i e d  data 
r e t r i e v a l  c a p a b i l i t y  f o r  the frequency d i s t r i b u t i o n  
of the wind and p r e c i p i t a t i o n  data. 

The second p a r t  of t h i s  e f fo r t ,  and most l i k e l y  the 
most d i f f i c u l t ,  w i l l  be the determinat ion o f  the 
func t iona l  form of f, t h a t  i s ,  equat ion 7, o r  more 
r e a l i s t i c a l l y ,  q, i t s  downwind i n t e g r a l .  I t  i s  not 
c lea r  a t  t h l s  po in t  how t h i s  funct iona l  form w i l l  
be determined; however, a  polynominal f i t  o f  some 
type may be requ i red s i m i l a r  t o  the Group Method 0  
Data Hand1 i n g  o f  Ivakhnenko (Tamura and Hal fon  1980) 



A fu r ther  l o g i c a l  extension o f  equation 7 would bg 
the determinat ion o f  the d i s t r i b u t i o n  of f by aggre- 
gate s ize.  This extension comes about as a r e s u l t  
of v i s u a l i z i n g  the wind erosion process as a f f e c t i n g  
the s o i l - p l a n t  system by both se lec t i ve  and t o t a l  

l o s s  (Lyles e t  a l .  1983). 
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